INTRODUCTION

D
iabetic nephropathy is the leading cause of end--stage renal disease (ESRD) in many countries (1) (2) (3) (4) . Furthermore, the mortality of diabetic patients on renal replacement therapy (RRT), independent on the dialysis method, is greater than in comparable patients without diabetes (4, 5) . Many factors may be associated with the increased mortality rate of diabetic patients under dialysis, such as older age, gender, hypoalbuminemia, malnutrition and inflammation, smoking, dialysis vintage, dialysis dose, arrhythmia or left ventricular hypertrophy, prior cardiovascular events, hypocholesterolemia, hyperphosphatemia, and poor glycemic control before or during dialysis (4) (5) (6) (7) (8) (9) (10) (11) (12) . However, there is lack of information about the effects of improving glycemic control on morbidity and mortality in patients with diabetes on hemodialysis and peritoneal dialysis (PD). Moreover, the goals for glycemic control parameters used in patients with diabetes on RRT have been the same as those used in patients with preserved renal function, particularly, blood or capillary glucose and glycated hemoglobin (HbA1c). Indeed, we do not even know if values indicating good glycemic control for individuals without renal failure also apply for those under dialysis, particularly on PD. One previous study has shown that diabetic patients on hemodialysis had greater values of HbA1c for the same average glucose levels than patients with preserved renal function in the DCCT trial (13) . In the last decade, there has been increasing evidence of an association between HbA1c levels and long-term morbidity and mortality rates in diabetic patients on dialysis. In a Japanese diabetic population receiving hemodialysis, predialysis HbA1c levels greater than 8% were associated with greater mortality rates over a 7-year follow-up (14) . In a large setting of US diabetic patients under hemodialysis, the non-anemic patients (hemoglobin > 11 g/dL) had increasing mortality risk for HbA1c levels greater than 6%, even after adjustment for many confounders (15) . In a German multicentric study, the T2DM patients on hemodialysis with greater levels of HbA1c at baseline had greater risk of cardiovascular and all-cause mortality in a 4-year follow-up period (16) .
Recently, the ADAG Study established the correspondence of HbA1c with average serum glucose level in a large population of normal individuals and patients with type 1 or type 2 diabetes (17) . These data became reference for the correspondence of HbA1c and average glucose levels and are recommended for use in clinical practice, but that study excluded diabetic patients with chronic renal disease (CRD) (17) .
Taking these findings into account, the aim of the present study was to investigate the most useful parameters of glycemic control in patients with type 2 diabetes under RRT (hemodialysis or PD) and compare them with those in diabetic individuals with normal renal function. For this study, we used the average of blood glucose values (AG: mean 10 values of fasting, preprandial and postprandial capillary glycemia) as the reference for glycemic control, and correlated it with HbA1c or compared it with postprandial glycemia and to random glycemia. Random glycemia is usually taken as a parameter of glycemic control in the majority of patients receiving dialysis.
MATERIALS AND METHODS
Patients
We identified diabetic patients with normal renal function and diabetic patients receiving hemodialysis or PD at Centro de Diálise e Transplante Renal -Hospital Santa Lucinda, Pontifícia Universidade Católica de São Paulo, Sorocaba, SP, Brazil. The inclusion criteria were age over 18 years; diagnosis of type 2 diabetes mellitus; and when on RRT, patients must have been on hemodialysis three times weekly or PD for at least three months, and must have had stable hemoglobin level and erythropoietin dose. The exclusion criteria were blood transfusion in the previous three months; diagnosis of an immune or hereditary hemolytic anemia, and inability or unwillingness to perform the required protocol measurements.
For hemodialysis adequacy, patients were dialyzed without glucose in the dialysis bath in accordance with The National Kidney Foundation guidelines (US) also called The Kidney Disease Outcome Quality Improvement Initiative (18) . Patients on PD performed four 2-liter exchanges per day. Usually, the first exchange in the morning was of hypertonic dialysis solution (4.25% glucose), and the remaining exchanges were isotonic (1.5% glucose). A total of 45 patients with type 2 diabetes receiving hemodialysis (n = 23) or PD (n = 22), and 24 type 2 diabetic patients with normal renal function, who were selected as controls, participated in the study.
During the study procedures, patients were recommended to maintain their usual food intake and not change their regular doses of oral hypoglycemiants or insulin. Patients with normal renal function usually took sulphonilurea alone or sulphonilurea plus metformin and/or NPH insulin, whereas patients on dialysis were under NPH insulin therapy or only on diet (n = 3). Two out of 20 patients on hemodialysis received lower doses of NPH insulin on the day of hemodialysis (6 units less than on hemodialysis days). The mean daily dose of NPH insulin in hemodialysis patients was 23 units (range: 8 to 56 units), and in PD patients, 42 units (range: 12 to 72 units). After all the study procedures were explained, the participants read and signed an informed consent form, were clinically evaluated, and laboratorial parameters were recorded.
Parameters of glycemic control
To determine capillary glycemia, patients were provided and instructed on how to use the Accu-Chek Advantage capillary glucose meter (Roche Diagnostic GmbH, Mannheim, Germany) to obtain a total of 10 measurements during four consecutive days (2 days on and 2 days off hemodialysis). Capillary glucose measurements were done twice daily (fasting and preprandial), or three times daily (one fasting and 2 postprandial). The patients or one relative was trained to correctly manage the capillary glucose meter. The instructions were repeated several times by the study personnel. The patients had to prove their ability to perform these tests before actually participating in the study. Capillary glucose measurements consisted of 10 predefined time points: four fasting, two preprandial, and four two-hour postprandial assessments. A data collection form was provided to each patient to record the test results. Glucose measurements were stored in the glucose meter's memory so that confirmation of the patient-reported data could be assessed for accuracy. When the results of the written test and those recorded in the glucose meter memory differed, values stored in the meter memory were considered correct. On the final day of capillary glucose determination, blood was collected to assess random plasma glucose, HbA1c, creatinine, urea, albumin, hematocrit, and hemoglobin.
The study protocol was approved by the institutional review board of the Faculdade de Ciências Médicas e da Saúde -Pontifícia Universidade Católica de São Paulo, and was conducted according to the International Good Clinical Practice Harmonization and the Declaration of Helsinki.
Assays
HbA1c was assessed by immunoassay (Roche Diagnostic GmbH -TQ HbA1c, Mannheim, Germany), as certified by the National Glycohemoglobin Standardization Program (NGSP, USA), which has a normal range of 4% to 6%. Plasma glucose and other biochemical parameters were determined using an automated chemistry analyzer (LabMax 240, Labtest Diagnostica, 33400-000 Belo Horizonte, Brazil). Hematology analysis was performed using the ABX Pentra ES 60 (Horiba ABX Ltda, 04795-100 São Paulo, Brazil).
Statistical analysis
For statistical analysis, IBM ® SPSS ® Statistics Professional (Somers, NY, USA) was used. All data are expressed as mean ± standard deviation. For comparisons between means and variance of different groups, ANOVA followed by Tukey's test was used. For correlation between different parameters Pearson's correlation coefficient followed by regression analysis was used.
RESULTS
Demographic data and clinical characteristics of the diabetic patients with normal renal function, on hemodialysis, and on PD are presented in table 1. Patient age was similar among groups. Time from diagnosis of T2DM was longer in patients receiving hemodialysis or PD than diabetic patients with normal renal function. No differences were observed between PD and hemodialysis patients in the time from T2DM diagnosis, time on RRT, plasma creatinine, hematocrit level, or hemoglobin level. Serum albumin and pre-dialysis urea levels were greater in patients receiving hemodialysis compared with those on PD. All patients receiving dialysis and 66% of diabetic patients with normal renal function had hypertension. Table 2 shows the glycemic and HbA1c values of all groups. Fasting glycemic values showed no differences among groups. In contrast, preprandial capillary glucose was greater in hemodialysis and PD patients compared with diabetic patients with normal renal function. Most patients on PD uses hypertonic (4.25% glucose) dialysis solution as the first exchange in the morning. Postprandial glucose, AG, and random glycemia did not differ among groups. Diabetic patients on hemodialysis had greater HbA1c compared with diabetic patients on PD and those with normal renal function. Table 3 depicts Pearson's correlation coefficients between different parameters of glycemic control. All parameters were significantly correlated with each other (p < 0.01). As expected, HbA1c was correlated with AG in patients with normal renal function (r = 0.82) and hemodialysis patients (r = 0.76), but Person's correlation index for PD patients was only fair (r = 0.66). Figure 1 shows the scatter plot of the individual data and the linear regression for the correlation of AG with HbA1c. In figure 1 , graph A represents data from diabetic patients with normal renal function, graph B expresses data from hemodialysis patients and graph C shows the values from patients on PD. There was a good correlation between AG and HbA1c for patients with normal renal function and those on hemodialysis, but this correlation was lower in patients on PD due to the great variation of individual data. Figure 2 compares the regression lines that represent the correspondence of AG and HbA1c for the three groups of patients. As a reference, the regression line published in the ADAG Study, the most recommended in recent clinical practice, is included (17). The regression line for patients with normal renal function was very close to that of the ADAG Study. On the other hand, the regression line was steeper for hemodialysis and PD patients, and that for PD was displaced upward. If we considered the most prevalent range of HbA1c values, that is, from 6% to 10%, the correspondence between AG and HbA1c was similar in patients with normal renal function compared with those on he- 3.9 ± 0.4 3.7 ± 0. Values are mean ± SD; * = fasting glycemia determined before any meal and before the first peritoneal dialysis exchange of the day; † = most patients in peritoneal dialysis used a hypertonic (4.25% glucose) dialysis solution as the first exchange in the morning; ‡ = p < 0.01 versus fasting glycemia; § = p < 0.01 versus normal renal function; ll = mean of 10 values determined on 4 consecutive days; ¶ = for random glycemia, blood was collected any time of the day; # = p < 0.01 hemodialysis versus peritoneal dialysis. Conversion factors for units: glycemia in mg/dL to mmol/L, x0.05551. Best-fitting regression lines for type 2 diabetic patients with normal renal function (NRF), on hemodialysis (HD) and on peritoneal dialysis (PD), as well as the regression line from the ADAG study (17) . Inside the graph are the equations for the best-fitting regression lines. 
DISCUSSION
In this study, we observed that, despite similar values of fasting glycemia and AG in the three groups of diabetic patients, those on RRT had greater preprandial glycemic levels. This finding may have resulted from the insulin resistance and glucose metabolism alterations characteristic of ESRD (19) . Second, patients on hemodialysis had greater HbA1c compared with diabetics with normal renal function or those on PD (Table  2 ). This finding is in accordance with previous data in a similar group of diabetic patients on hemodialysis (13) . Third, HbA1c correlated well with AG in all groups (Table 3 and Figure 1 ), but the regression line of AG versus HbA1c in patients on PD was clearly displaced upward, meaning greater AG values for a given level of HbA1c ( Figure 2 ). Although the slopes of the regression lines of AG versus HbA1c for hemodialysis and PD patients were slightly steeper than in the normal renal function patients and in the ADAG study (17) , our data allow us to translate HbA1c into average glucose values (and vice versa) using the equations that represent the best-fit regression line (Figures 1 and 2 ). We believe that there were no important variations on blood glucose levels during the study days and the period that HbA1c represents, because we recommended to the participants not to change their usual food intake and medication. Furthermore, if there were any variation during the day on dialysis compared with days off, they could not be accounted for changes in capillary glucose, for AG or for HbA1c, because data collection was carried out during two hemodialysis days and two non-dialysis days, similarly to what happens on a regular dialysis period.
It is important to evaluate how these findings may impact the management of glycemic control and prognosis of type 2 diabetic patients on dialysis. In diabetic patients with preserved renal function, postprandial glucose is an independent risk factor and correlates better with morbidity and mortality than fasting glucose (20, 21) . However, we have no information on the relevance of postprandial glucose in the prognosis of diabetic patients under dialysis. Although data on PD are scarce, HbA1c is a good marker of prognosis in patients receiving hemodialysis (11) (12) (14) (15) (16) . Thus, besides HbA1c, postprandial glucose should be better explored in future studies of patients on dialysis, particularly in those on PD.
Considering the differences among the groups in the relationship between AG and HbA1c obtained in our study, one should be cautious when comparing values of HbA1c of diabetic patients on hemodialysis, on PD or with preserved renal function. Furthermore, we also must consider that for our patients on PD, values of AG versus HbA1c had the greatest dispersion and the lowest correlation index (r = 0.66) among the three groups of patients. Thus, this must be considered an important limitation of this study, as well as the number of patients in each group.
Finally, these new data must be confirmed in other settings of diabetic patients receiving dialysis. Also, further studies are required to explore whether HbA1c is a valuable marker of morbidity and mortality, and whether it may serve to advise interventions to improve glycemic control and, thus, the prognosis of diabetic patients undergoing RRT.
